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It is now generally conceded that black tongue in dogs as produced 
by  Goldberger and his  coworkers  (1)  with diets lacking the  water- 
soluble, thermostable vitamin B~(G)  1 has many features in common 
with the disease known as pellagra in man.  These features are the 
cutaneous, lingual and buccal lesions, the diarrhea and the salivation. 
Another frequent  manifestation of  pellagra in man, however, is the 
involvement of  the  nervous  system as  described  by  Sandwith  (2), 
Singer and Pollack (3), Winkelman (4) and Pentschew (5), who found 
degeneration of the medullary sheaths of the  posterior columns and 
frequently also  of  the  lateral  and  anterior  pyramidal tracts  of  the 
spinal  cord.  Lesions of  the  nervous  system have  not  as  yet been 
described in dogs with black tongue, and it therefore seemed worth 
while to investigate the possibility of their presence in animals sub- 
jected to a  well controlled dietary r~gime. 
* The expense of this study was defrayed by a grant from the Research Fund at 
Yale University School of Medicine. 
t Standard Brands Inc. Fellow for the academic year 1931-32. 
l The physiological  properties of what was formerly called vitamin B have since 
been shown to be due to at least two substances, a heat-labile, antineuritie factor 
and a thermostable, growth-promoting substance which appears to prevent pel- 
lagra.  These  factors have been designated  vitamins B and G by some investiga- 
tors and B1 and B2 by others.  The latter nomenclature  is employed  in this paper. 
The term vitamin B complex refers to the undifferentiated mixture as it occurs 
in nature. 
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It was more than tacitly assumed by Goldberger and his associates 
that the essential factor lacking in the diet they employed was the 
pellagra-preventive  (P-P)  substance  or  vitamin  B~.  The  faults  of 
the regimen make it at once apparent that the effects produced on the 
animal may be multiple rather than single in nature.  The diet is in- 
adequate in salts.  It is recognized to be low in protein, and the level 
of casein in the ration does not preclude the possibility of a  cystine 
deficiency.  The relatively poorer biological value of the maize pro- 
teins becomes of importance in this problem.  Goldberger recognized 
this when, in his work done prior to the discovery of vitamin B,, he 
suggested that an amino acid deficiency is involved in the etiology of 
pellagra.  Furthermore, the greater part of the diet is composed of 
natural foods, and the antineuritic substance is supplied by them.  It 
is not impossible that the amount of vitamin BI contained in the ration 
is subminimal and that this is of importance in producing certain of 
the features  of the  syndrome in  question.  As  this  vitamin is  not 
found in nature entirely separate from the so called pellagra-preven- 
tive substance, the diet contains a small amount of vitamin B~.  How 
great the influence of this slight but constant intake is in delaying the 
symptoms directly caused by deprivation of the B, factor cannot be 
measured.  Moreover, the inclusion in the ration of so  much corn- 
meal exposes it at once to the criticism of those who believe that pel- 
lagra is caused by the ingestion of maize (6);  and although zeism is 
now regarded by most of the workers in this field as a defective theory, 
it has yet to be entirely disproved. 
To obviate the apparent faults of such a diet the aid of Dr. George 
R. Cowgill of the Department of Physiological Chemistry was enlisted 
in the preparation of the artificial ration employed in the experiment 
forming the basis of the present communication.  This diet is much 
more highly purified with respect to the water-soluble vitamin B2 than 
any ration hitherto employed in these laboratories for feeding experi- 
ments with dogs. 
In an earlier contribution on the changes associated with deprivation 
of the vitamin B  complex (7) it was  found  that  one  animal, which 
had subsisted on a diet deficient in both vitamins B1 and B~, showed 
degeneration of the median dorsal fasciculi of the spinal cord.  The 
present study is an outgrowth of this earlier investigation. H.  M.  Z~RMAN  A!WD ETHEL  BURACK  23 
Experimental Procedure 
A preliminary training of at least 2 weeks was allowed for each of the eight dogs 
used in this study in  order to  ascertain whether the animal was suitable for the 
object of the experiment.  During this period an excessive amount of whole yeast 
(2 grn. per kilo) was given daily to insure a uniform nutritional  history with respect 
to the vitamin B factors (B1 and B~). 
Diets Employed.--At the beginning  of the experiment the animals were fed the 
following ration: 
TABLE  I 
Constituents  Per cent 
Casein-Harris* (87.1 per cent protein) ........................... 
Sucrose  ..................................................... 
Lard ........................................................ 
Butter fat ................................................... 
Salt mlxturet  ................................................ 
Bone ash .................................................... 
28.0 
31.0 
30.0 
6.0 
1.8 
3.2 
* Furnished by the Harris Laboratories, Tuckahoe. 
t Karr-Cowgill (8) salt mixture. 
This diet formed the basal ration for about 5 months from the beginning  of the 
experiment.  At that time the question arose of whether the large proportion of 
fat in the diet was exerting a sparing action on vitamin B~ similar to that believed 
by Evans and Lepkovsky (9) to be true for the antineuritic vitamin B1.  Five of 
the remaining  seven animals were, accordingly, given a diet in which the proportion 
of the proximate principles was changed to yield a ration poor in fat, as follows: 
TABLE  II 
Constituents  Per cent 
Casein-Harris (87.1 per cent protein) ........................... 
Sucrose  .................................................... 
Rice starch .................................................. 
Butter fat ................................................... 
Karr-Cowgill salt mixture ..................................... 
Bone ash .................................................... 
22.0 
35.0 
29.0 
10.0 
1.4 
2.6 
Dogs 3 and 4 were allowed to act as controls and continued to subsist on the 
former diet (Table I).  The fat-poor ration (Table II) was mixed with a known 
quantity of water and offered as a gruel at first but was later baked into a biscuit. 24  NERVOUS  SYSTEM  IN  DEFICLENCY  DISEASES.  I1 
It is to be noted that the protein level in calories per 100 gm. of diet is identical 
in both rations  (Table III). 
TABLE  III 
Distribution of calories 
Diet 
Pro~Jn  Fat  Carbohydrates 
I  18  59  23  5.5 
II  18  21  61  4.2 
C~.lories per gin. 
of diet 
Antineuritic vitamin B~ was administered separately in the form of a  concen- 
trate prepared from Hce polishings by Block (10) after tests with rats showed an 
absence of the heat-stable vitamin B, from this product.  The concentrate was in- 
jected intravenously or subcutaneously at such times when oral administration 
(by stomach sound) was ineffectual owing to vomiting or diarrhea.  The material, 
assayed by the pigeon method, was administered in excess of the minimal require- 
ments of the dog as established by Cowgill  (11).  A record of the amount of food 
consumed daffy was kept throughout the experiment as a gauge of the appetite and 
indication for the administration of the antineuritic vitamin concentrate. 
Material Studied and Technic Employed.--Complete necropsies were performed 
on all the animals and the thoracic and abdominal organs were examined grossly 
and, where indicated, also microscopically.  Blocks of these viscera were fixed in 
a solution of formaldehyde, u.s.P.  (I : 10), embedded in paraifin, and stained with 
hematoxylin-eosin.  The findings other than those in the nervous system, how- 
ever, will be mentioned only briefly in this communication. 
Blocks of the brains  and  spinal  cords,  ~mmediately  upon removal  from the 
animals, were fixed in 95 per cent alcohol, in the diluted solution of formaldehyde 
and in Mtiller's  solution.  In the latter  two fixatives were placed pieces of the 
brachial plexuses,  sciatic, vagus and phrenic nerves.  The alcohol-fixed material 
was embedded in celloidin  and stained with toluidine blue.  The formaldehyde- 
fixed material  was used in part for the demonstration of fat by the Sudan III 
method, myelin sheaths by the Spielmeyer and axis cylinders by the Bielschowsky 
methods; in part it was employed for the demonstration of medullary sheaths by 
the Kulschitzky method after mordanting in Weigert's rapid mordant.  The ma- 
terial fixed in Mtiller's solution  (without formaldehyde) was stained with osmic 
acid, embedded rapidly in celloidin and sectioned at 30 microns.  Blocks of the 
spinal cords were sectioned longitudinally as well as transversely, and an average 
of eight blocks at different levels were taken from each cord.  Special effort was 
made to include the spinal nerve roots in the microscopic preparations. 
RESULTS 
Dog 1.--A fat female, weighing 9.4 kilos, was given enough food daffy to main- 
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vitamin concentrate intravenously.  Intraperitoneal injection of this product on 
36th day followed by intravenous injection on 41st day.  Animal found dead at 
9:00 a.m. of 43rd day and necropsy performed at 2:00 p.m.  Final weight:  8.5 
kilos. 
A  large intra-abdominal hemorrhage was found originating from a  granular, 
friable mass attached to  the peritoneum in the region of the xiphoid.  Micro- 
scopicaily this mass was composed of granulation tissue in which there was much 
necrosis, hemorrhage and leucocytic infiltration.  It represented a localized peri- 
toneal reaction, the result of the injection of the vitamin concentrate. 
In the gross, no lesions were found in either the central or peripheral nervous 
systems in this animal or in the other seven.  Microscopic examination of the 
entire nervous system revealed a  normal picture.  Particularly was there no evi- 
dence of degeneration found in the medullary sheaths of the peripheral nerves and 
spinal cord. 
Dog 2.--Female, weighing 5.4 kilos, was given enough food to maintain that 
weight.  Ate fairly well throughout whole experimental period.  Animal operated 
on for strangulated hernia on 51st day and in excellent condition by 54th day. 
On 140th day animal was muzzled on suspicion of coprophagy.  Change in diet 
made on 168th day.  Vomiting of undigested food quite frequent in last 2 months 
of r~gime.  Death occurred suddenly on 214th day, without any terminal symp- 
toms.  Final weight:  4.2  kilos. 
Necropsy was performed about 2 hours post mortem.  There was no evidence 
of dermatitis, gingivitis or glossitis.  The entire gastrointestinal tract was lined 
by an intact mucosa. 
In the Marchi preparations of the sciatic nerves and brachial plexuses a moder- 
ate degree of degeneration of the medullary sheaths was seen.  Somewhat less 
degeneration was found in the phrenic and vagus nerves.  Fat could not, however, 
be demonstrated with Sudan III in any of these nerves.  The spinal cord revealed 
no change by any of the staining methods employed, and this was also true of 
the cerebrum. 
Dog 3.--Female weighing 4.3 kilos.  Ate fairly well throughout whole experi- 
mental period.  After 98th day vomiting of partly or wholly undigested food, and 
intermittent diarrhea.  On 154th day animal was muzzled on suspicion of copro- 
phagy.  Death occurred suddenly on 218th  day.  No terminal symptoms were 
manifested.  Final weight: 3.2 kilos. 
Examination was made approximately 5 hours post mortem, at which time the 
animal was found to be in a  good state of nutrition.  There was no evidence of 
dermatitis, gingivitis or glossitis.  The teeth were in good condition.  The entire 
gastrointestinal tract presented a  normal picture. 
All the peripheral nerves showed a marked degree of degeneration of the medul- 
lary sheaths in the Marchi preparations, and a  similar change was present in the 
posterior nerve roots of the spinal cord.  In spite of these extensive changes in the 
Marchi preparations,  Sudan  III stains  revealed but  a  slight amount  of  fatty 26  NERVOUS  SYSTE~f IN DEFICIENCY  DISEASES.  II 
change.  In  Spielmeyer  preparations  only  the  posterior  nerve  roots  showed 
definite  degenerative  changes. 
In the spinal  cord a  few scattered  black  droplets  were  demonstrable  by the 
Marchi method.  These droplets were present in greatest abundance in the pos- 
terior fasciculi and to a less extent also in the anterior corticospinal and the dorsal 
and ventral spinocerebellar tracts.  Demyelination of these  tracts could not be 
demonstrated by any of the other staining methods.  Nissl preparations  of the 
spinal cord revealed no changes in the white matter, but many of the nerve cells 
of the anterior horns were shrunken  and  hyperchromatic and  contained small, 
dark pericellular  incrustations. 
Kulschitzky, Marchi, Sudan III and Nissl preparations of the cerebrum, brain 
stem and cerebellum were all essentially negative. 
Dog 4.--Male  weighing  7.4 kilos.  Ate  fairly well  throughout  whole experi- 
mental period.  Intermittent diarrhea after 100th day.  Vomiting of undigested 
food quite frequent during last 2 months of r6gime.  On 224th day animal was 
apathetic and walked with an unsteady gait.  Death occurred suddenly on 228th 
day.  Final weight: 4.0 kilos. 
Necropsy was  performed  about  6  hours  post  mortem.  The  animal  showed 
marked evidence of loss of subcutaneous fat but no dermatitis.  There were no 
lesions on the tongue, gingival or buccal and pharyngeal mucous membranes.  The 
heart was dilated but showed no other change.  The gastric mucosa was intact, 
but the duodenal mucosa contained three superficial ulcers each measuring 4 nun. 
in diameter.  The remainder of the intestinal tract was lined by an intact mucosa. 
Marchi preparations of the brachial plexuses and the vagus and sciatic nerves 
showed a striking degree of degeneration of the medullary sheaths; these observa- 
tions were amply confirmed by both the Spielmeyer and Kulschitzky methods. 
In the Sudan III preparations the degenerative changes appeared distinctly to be 
less  severe.  The posterior and anterior nerve roots of the spinal  cord showed 
marked degenerative changes in the Marchi preparations.  In the spinal cord it- 
self a distinct, paramedian, wedge-shaped zone of degeneration was present in the 
fasciculi graciles.  Nissl preparations  of the cord revealed a glia proliferative re- 
sponse in the posterior columns corresponding in size and shape to the lesion seen 
in the Marchi preparations.  The glia partaking in this reaction were the rod- 
shaped Hortega cells, fat granule cells and fibrous astrocytes.  Sections stained by 
the  Kulschitzky and  Sudan  III methods  failed  to reveal  fatty changes.  The 
degenerative lesion could be traced through all levels of the spinal cord.  Neither 
in the cells  of the anterior horns of the cord nor in those of the motor cortex of 
the cerebrum were any changes found in the Nissl preparations. 
Dog 5.--Male weighing 4.8 kilos.  Given fat-poor diet  beginning  109th day. 
Ate fairly well first 165 clays of experiment; thereafter incomplete food intake with 
20 per cent loss of body weight during subsequent  interval of 54 days.  Small 
ulcerative lesions on legs and scaly skin shortly before death on 220th day of ex- 
periment.  Final weight: 3.7 kilos. H.  1W.  Z~P~N  AND  ETH~EL BURACK  27 
The animal was necropsied immediately after death.  Over the bony protuber- 
ances of the pelvis and the fore legs the skin was excoriated, apparently from con- 
tact with the cage floor.  Little adipose tissue was present subcutaneously.  There 
was no sign of gingivitis or glossitis,  and the entire gastrointestinal tract was free 
of ulceration. 
The sciatic, vagus and phrenic nerves as well as the brachial plexuses showed 
by the Marchi method outspoken degeneration of the myelin sheaths.  Sudan III 
preparations  of the same nerves showed only occasional fat droplets within  the 
endoneurium of each fasciculus, but the Spielmeyer preparations revealed swollen 
medullary sheaths and balls and balloons of degenerated myefin. 
The posterior nerve roots of the spinal cord, and to a less extent the anterior 
nerve roots also,  showed degenerative changes in the sections prepared  by the 
Marchi method (Fig. 4).  The posterior columns of the spinal cord, particularly 
the columns of Goll, were markedly degenerated at all levels.  A diffuse cellular 
gliosis and several glia rosettes were seen in the columns of Goll in the preparations 
stained by the Nissl method.  The gliosis  had a  triangular shape with the apex 
pointing toward the central canal of the spinal cord.  The motor horn cells were 
somewhat hyperchromatic but were otherwise not altered. 
An occasional nerve cell in the cerebral cortex had foamy, honeycombed cyto- 
plasm, but the giant motor cells of the precentral convolutions were normal. 
Dog &--Female, weighing 6.7 kilos, was given enough food calculated to main- 
tain a weight of 6.0 kilos.  Ate fairly well for 7 months, then incomplete food intake 
for last 85 days of experiment.  Dog muzzled on 147th day on suspicion of copro- 
phagy.  Change in diet made on 172nd day.  Diarrhea and vomiting of partly or 
wholly undigested food occurred on 160th day and persisted intermittently through 
remainder of experimental  period.  Salivation noted on 297th day and became 
more profuse subsequently.  Breath foul; gums and cheeks pale.  Death on 300th 
day.  Final weight: 3.0 kilos. 
Necropsy was performed immediately after death.  The animal was emaciated, 
and there was loss of hair over the back.  Ulcerations, I to 2 cm. in diameter, were 
present on the lateral surfaces of the fore and hind limbs.  The buccal mucous 
membranes were strikingly pale but intact.  There were no lesions on the tongue 
or gums.  The mucosa of the whole gastrointestinal tract was intact but micro- 
scopically contained numerous cells undergoing mitotic division. 
A marked degree of degeneration of the medullary sheaths was present in the 
brachial plexuses, the sciatic and vagus nerves.  Both phrenics were also demye- 
linated, but to a milder degree.  This degenerative lesion was seen in the Marchi, 
Sudan III, Spielmeyer and Kulschitzky preparations with equal clarity (Figs.  1, 
2 and 3).  That it was of long standing was apparent from the fact that fat-con- 
taining phagocytes were in evidence in the interstitial connective tissue; the axis 
cylinders, nevertheless, were in a good state of preservation. 
The picture in the spinal cord was exceedingly striking as regards degeneration 
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severe involvement of the posterior roots the anterior nerve roots were only slightly 
implicated.  Degeneration of the posterior columns (Fig. 5) was found in all parts 
of the spinal cord.  The funiculi graciles were completely destroyed and, to a less 
extent, the funiculi cuneati were also involved.  In the latter columns, the medial 
halves were less severely injured than the lateral halves.  Lissauer's fasciculi were 
completely degenerated, and the same was true of the central parts of the posterior 
nerve roots which radiate into the posterior horns.  Rare, isolated fibers under- 
going degenerative changes were found in nearly all the other fiber tracts of the 
spinal cord, sensory as well as motor.  In addition to these lesions,  the proximal 
end of the seventh cranial nerve was found to be almost completely degenerated. 
Nissl preparations of the spinal cord showed proliferation of the protoplasmic 
glia and the microglia phagocytes in the posterior columns.  The nerve cells in 
the gray matter of the cord, including Clarke's column, revealed no changes, nor 
were lesions found in the cortical gray of the cerebrum. 
Dog 7.--Female weighing 4.3 kilos.  Ate fairly well for 7 months, thereafter in- 
complete food intake resulting in weight loss to 2 kilos.  Animal observed eating 
stools on 125th day; subsequently muzzled.  Given fat-poor diet after 168th day. 
Vomiting and diarrhea  after  150th day occurring intermittently  until  death on 
331st  day.  Final weight 2.0 kilos. 
Post mortem examination was performed immediately after death.  A purulent 
conjunctivitis was present in both eyes, but there was no trace of cataract forma- 
tion.  The buccal mucous membranes were red and in spots superficially ulcerated. 
There was ulceration and bleeding of the gum over the upper left canine tooth. 
The  tongue was  normal.  The  gastrointestinal  mucosa was intact  grossly and 
microscopically  contained  numerous  mitotic  figures.  Both  parietal  and  chief 
cells were present in great numbers in the gastric mucosa. 
An extreme degree of degeneration of the medullary sheaths was found in the 
peripheral  nerves.  Much phagocytosis of fat on the part of large mononuclear 
cells could be seen in the interstitial  connective tissue.  Many medullated fibers 
were left completely unstained in the Spielmeyer and Kulschitzky preparations as 
a  consequence of their complete degeneration.  In the vagus nerve, evidence of 
degeneration was seen only in the Marchi preparations. 
Marked degenerative changes were present in the posterior nerve roots of the 
spinal cord, but the anterior roots were completely spared.  The posterior columns, 
from the lumbar to the cervical region, were completely degenerated, but the col- 
umns of Goll suffered more than those of Burdach.  The fibers that pass from the 
posterior columns into the posterior horns likewise  displayed a marked degree of 
degeneration (Fig. 6).  No other fiber tracts than those already mentioned were 
in any way implicated in the demyelinating process.  An illuminating picture of 
the degeneration in the posterior columns was seen in the longitudinal sections of 
the cord stained by both the Marchi and Kulschitzky methods (Fig. 7).  In spite 
of the severe changes in  the medullary sheaths,  the Bielschowsky preparations 
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Astrocytes and phagocytic glia were found in greatly increased numbers in the 
posterior columns of the spinal cord stained by the Nissl method.  The nerve 
cells of both the cord and cerebrum presented a normal morphology. 
Dog &--Female weighing 4.4 kilos.  After 122nd day given the fat-poor diet. 
Ate fairly well for first 235 days, up to which time original weight (4.2 kilos) was 
maintained.  Incomplete food intake during last 2 months resulting in loss of 25 
per cent of body weight.  (Antineuritic vitamin concentrate was not available 
during  this  period.)  Coprophagy noticed  on  98th  day and  dog  consequently 
muzzled.  Diarrhea and vomiting of partly or wholly undigested food observed 
occasionally.  Death without terminal symptoms occurred on 289th  day.  Final 
weight: 3.1  kilos. 
This animal was necropsied 3 hours post mortem.  The skin was excoriated 
over the joints of the fore legs.  The buccal mucous membranes, the tongue and 
the gums were in good condition.  There were no ulcers  in  the  gastrointestinal 
tract.  The heart was dilated and the left ventricle was hypertrophied.  Micro- 
scopically the myocardium presented large zones of necrosis that were undergoing 
organization.  The coronary arteries and arterioles showed no evidence of organic 
occlusion  to account for these infarct-like lesions. 
The vagus and sciatic nerves revealed striking degenerative lesions of the medul- 
lary sheaths.  Surprisingly enough,  however, the brachial plexuses  showed only 
slight evidence of injury, and the phrenics appeared to be entirely normal. 
A slight degree of degeneration was present in the posterior nerve roots of the 
lumbar region of the spinal cord; at other levels the posterior roots were normal. 
The anterior roots were uninjured at all levels.  Within the cord, the columns of 
Goll alone were partially destroyed, but even here the axis cylinders were well 
preserved.  Longitudinal sections of the spinal cord stained by the Marchi method 
confirmed the fact that only the funicull  graciles  were injured. 
In Nissl preparations of the cord, a feeble proliferative response on the part of 
the glia was seen in the columns of Goll.  No neuronal lesions were found in either 
the cord or cerebrum. 
DISCUSSION 
The present investigation  had been in progress over 5 months when 
it became apparent that the disease, black tongue, was not developing 
with  the  vitamin  B2-deficient  diet  employed.  It  was  at  that  time 
that  the  possible  sparing  action  of  fat  on  this  vitamin  came  under 
consideration, as already mentioned, and the change was  made to the 
relatively fat-poor diet.  In  spite of this  change the  rate and  course 
of the development of the disease complex was apparently unaltered, 
for the animals only very gradually, though progressively, lost weight 
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weakness.  Moreover, the reduction in dietary fat did not shorten the 
period of survival, as the two animals (Nos. 3 and 4) which continued 
to subsist on the fat-rich ration died long before three of the others. 
The  oral  lesions  characteristic  of  black  tongue were lacking in  all 
animals; only one had slight ulcers on the buccal mucous membranes, 
and one other salivated.  In addition, the customary rapidity of onset 
and progressio~ of black tongue stood out i~ sharp contrast to  the 
slowly  developing disease produced by  the  artificial  ration  lacking 
only vitamin B~. 
From these observations alone it seemed apparent that  something 
more than a deficiency in vitamin B2 is responsible for part of the pic- 
ture of black tongue.  This disease may be produced by a  multiple 
deficiency, and  in  that  respect  approximates pellagra  more closely 
than the disease produced by a well balanced artificial ration lacking 
one factor only.  It is not denied that the diet employed by Gold- 
berger  and his associates was  deficient in  vitamin B~;  it  is  simply 
affirmed that no one part of the complex picture they produced could 
with  certainty be  attributed  to  any one specific factor.  It  is  also 
affirmed that the artificial ration employed in the present study permits 
the conclusion that whatever disease picture is produced is due to a 
lack of what at present is regarded as a single factor; namely, vitamin 
B~.. 
A word more needs to be said concerning the diets employed in the 
present  investigation.  They were fed  to  the  animals in  quantities 
calculated to  be  sufiicient to  maintain body weight.  Their  known 
caloric content of protein, carbohydrate and fat  permitted a  proper 
balance of these substances  to meet the requirements of adult dogs. 
Yet after prolonged intervals the animals invariably lost weight, which 
was due in whole or in part to vomiting or diarrhea.  To be sure these 
disturbances were probably the result of the vitamin deficiency, but 
is it not possible that the resultant loss of such a substance as protein, 
for example, was responsible for the anatomic changes produced in the 
nervous system?  A partial answer to this question is already avail- 
able (7).  Dogs that were deprived practically completely of protein, 
carbohydrate and fat failed to show any lesions in the spinal cords, 
although they did have some degeneration of the medullary sheaths 
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experiment of short duration, and is therefore not comparable to the 
present long one.  Experiments are now in progress in this laboratory 
that have been devised to yield a long standing protein deficiency in 
the hope that the question of its possible effect on the nervous system 
will be answered. 
The changes in the spinal cord observed in all the animals of this 
experiment except Dogs 1 and 2, which died before any of the others, 
consisted of degeneration of the posterior columns, particularly those 
of  Goll,  degeneration of the posterior nerve roots  and, in  two  ani- 
mals, of slight degenerative changes in most of  the other fiber tracts. 
The  degenerated medullary sheaths  were being replaced  by gliosis, 
Changes of this kind, as already mentioned, have been described in 
pellagra.  They are not found, of course, in every case of this disease, 
but occur with sufficient frequency to be considered an integral part 
of it.  Another very frequent lesion in pellagra is the axonal change 
in the nerve cells of the motor horns and precentral gyri, which change, 
however, was entirely absent in these animals. 
With regard to the degenerative changes in the peripheral nerves 
of the dogs in this experiment, it must be stated that Righetti (12) 
alone has ever presented anatomic evidence of polyneuritis in a  case 
of pellagra.  What the incidence of this condition in pellagra really is 
cannot be stated with any degree of accuracy, inasmuch as the periph- 
eral nerves have been examined apparently but  rarely at  necropsy. 
Pellagra being a multiple deficiency disease, it is possible to attribute 
polyneuritis to  absence of the antineuritic vitamin B1.  In this in- 
vestigation, however, repeated intravenous or subcutaneous adminis- 
tration of this vitamin adequately supplied the animals' needs as far 
as  could be determined; yet there was present  degeneration of the 
medullary sheaths  of  the  peripheral  nerves  of  generally increasing 
severity with the length of time the animal was on the experimental 
ration.  It  is  perhaps  not  surprising,  after  all,  that  demyelination 
resulted in these animals in the presence of an adequate supply of the 
antineuritic vitamin.  This occurrence was shown to  be possible  in 
our earlier study already referred to (7).  Moreover, it has been shown 
that an absence of vitamin A alone from the diet can produce demye- 
lination of the peripheral nerves (13). 
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from lack of the antineuritic vitamin is further evident from the fact 
that none of these animals developed the clinical manifestations of 
this deficiency.  As is well known, some of these neuromuscular mani- 
festations consist of spastic paralysis, opisthotonus and convulsions, 
none of which signs were shown by any of the dogs in the present 
study.  Also, the majority of animals develop these signs of vitamin 
B1  deficiency in  from 60  to  90  days and succumb soon thereafter; 
whereas the animals in the present study lived from 200 to over 300 
days. 
Only after the  completion of the anatomic study of the nervous 
system was the fact revealed that the most characteristic lesion pro- 
duced by this vitamin B2 deficiency was the degeneration of the fiber 
tracts of the posterior columns.  This lesion was so like that of tabes 
dorsalis in man that the necessity of a complete study of the reflexes 
and  gait  seemed indicated.  Also,  in  a  recent  paper,  Strauss  and 
Castle (14) had predicted the presence of anemia and achlorhydria in 
animals deprived of the anti-pellagra vitamin.  Unfortunately, none 
of  these  features  had  been  adequately  investigated in  the  present 
study; hence a new experiment designed essentially on the same lines 
as the present one has been started for this purpose, and the results 
will be reported later. 
SUMMARY  AND  CONCLUSIONS 
Adult dogs maintained on an artificial, balanced ration adequate in 
all dietary essentials as far  as is known except water-soluble, heat- 
stable vitamin B~ (G)  developed, after a sufficient time, a slowly pro- 
gressive disease characterized by loss of weight, persistent vomiting 
and diarrhea, and marked muscular weakness, which ended fatally in 
from 200 to over 300 days. 
The clinical features of this condition, as pointed out in  the dis- 
cussion, are quite different from those characterizing the canine disease 
known as black tongue. 
The anatomic changes in this condition consist of marked demye- 
lination of the peripheral nerves, including the vagus; degeneration 
of the medullary sheaths and replacement by gliosis of the posterior 
columns of the spinal cord, particularly the fasciculi graciles; degenera- 
tion of the medullary sheaths of the posterior and less often of the H. M. ZIMMERMA.N  AND  ETHEL  BURACK  33 
anterior  nerve  roots  of  the  cord;  occasionally  slight  degenerative 
changes in most of the other fiber tracts of the cord. 
Attention is called to the fact that degenerative lesions in the central 
nervous system similar or identical with these have frequently been 
described in pellagra  in  man. 
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EXPLANATION OF PLATES 
PLATE 4 
FIG. I. Dog 6.  Photomicrograph of brachial  plexus.  Marchi stain.  X  125. 
FIG. 2. Dog 6.  Photomicrograph of brachial  plexus  showing phagocytosed fat 
in interstitial  connective tissue. Sudan llI stain.  X  250. 
FIG. 3. Dog 6.  Photomicrograph of brachial  plexus showing disappearance of 
many of the medullary sheaths.  Splelmeyer stain.  X  125. 
PraTE 5 
FIG.  4.  Dog  5.  Photomicrograph  of  posterior  nerve  root  of  spinal  cord. 
Marchi stain.  ×  60. 
FIc. 5.  Dog 6.  Photomicrograph  of posterior  columns of thoracic portion of 
spinal  cord.  The funiculi graciles are more severely injured than the funiculi 
cuneati.  Marchi stain.  X  55. 34  NERVOUS  SYSTEM IN  DEFICIENCY  DISEASES.  II 
PLATE 6 
FIG.  6.  Dog 7.  Photomicrograph of posterior  columns of lumbar portion of 
spinal  cord.  Note  degenerated  fibers  coursing  into  posterior  horns.  Marchi 
stain.  X  23. 
FIG. 7.  Dog 7.  Photomicrograph of longitudinal section of spinal cord.  Mar- 
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